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"PROCESS FOR THE CATAI.YTIC TREATMENT OF WASTEWATER* 

FTEUa OF I NVENTION 

This lnvent:ion relates generally 1:o the 
treatment and cleanup of contaminated wastewater. The 
treatment of coritauninated wastewater has become a 
national environmental priority, since wastewater is 
being created by so many sources such as landfills, 
research, industry, power plants, government and many 
other chemical, pharmaceutical, biological, plating, 
and photographic processes. 

More specifically this invention involves a 
novel process that concentrates contaminants and 
catalytically oxidizes volatile pollutants in 
wastewater. Further, this invention has the capability 
of providing a useful condensate product. The novel 
process disclosed herein couples efficient evaporation 
with gas phase catalytic oxidation. Optionally, this 
process can provide for the recapture of distilled 
quality water that is substantially free of minerals 
and organics and that may, therefore, be safely 
returned to rivers and streams or reused in industrial 
processes. 




229 9 

- 2 ~ 

INFORMATION DISCLOSUKB 
The problems associalied with the disposal of 
contaminated wastewater are well known in the art. 
Frequently, treatment involves air stripping and the 
capture of the volatilized organics by a carbon bed. 
Certain priority pollutants are not captured, or are 
incompletely captured, by the carbon bed. 
Alternatively, contaminated wastewater ^tresuns can be 
disposed o£ using deep well technology or are stibject 
to high temperature incineration. 

The use of evaporation in pollution abatement is 
also known to the art. In particular vertical tube 
falling film evaporation with vapor recompression has 
been suggested to efficiently concentrate wastewater 
stireams containing a high concentration of total 
dissolved solids. The use of such evaporators is 
described in an ASME publication entitled "Development 
History of the BCC Brine Concentrator For Concentrating 
Cooling Tower Blow Down", by J.H. Anderson, 1976. 

Oxidation of organic compounds dissolved in 
wastewater streams is likewise well known in the art. 
Both liquid phase and vapor phase oxidation processes 
are known. For example, U.S. Patent No. 4,021,500 
(Rogers) discloses an improved oxidative dehydration 
system to catalytically remove dissolved hydrocarbons. 
A hydrocarbon laden liquid water stream is mixed with 
an air/steam stream and is contacted with a solid 
catalyst to yield an effluent of water vapor, carbon 
monoxide and carbon dioxide • 

U.S. Patent No. 4; 699, 720 (Harada et al.) 
teaches a process for treating wastewater wherein a 
stream containing suspended solids, ammonia and 
chemically oxidizable substances is subjected to a 
liquid phase catalytic oxidation reaction. Separation 
of the suspended or dissolved solids occurs after the 
oxidation reaction by employing a reverse osmosis 
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process. Likewise, U.S. Patent No. 4^632,766 

(Fimhaber et al.) discloses a method of treating 
wastewater wherein a concentrated '^sliiae" containing 
water is subjected to a noncatalytic multistage 
oxidation in the presence of air or oxygen. Yet 
another wastewater treatment process using lic|[uid phase 
catalytic oxidation is disclosed in U.S. Patent No. 
4,294,706 (Kakihara et al.). This reference suggests 
the removal of suspended solids prior to treatment 
(Coliimn 3, lines 12«-15) • 

Extraction of volatile contaminates . from waste 
streams followed by catalytic destruction of the 
volatized contaminates has been practiced in the art. 
For excunple, U.S^ Patent No. 3,127,243 (Konikoff) 
teaches a process whereby human waste is subjected to a 
noncontinuous vacuum distillation process to produce 
vaporized materials which are passed to a high 
temperature catalytic reactor containing a noble metal 
catalyst. The reaction product is then condensed to 
produce potable water. Likewise, U.S. Patent No. 
3,487,016 (Zeff) teaches the oxidation of organic or 
inorganic materials in liquid or vapor phase using 
oxygen-containing gas and a catalyst containing either 
manganese or lead. Oxidation is performed at low 
temperatures and at atmospheric or less pressure. U.S. 
Patent No . 3,804,756 (Callaihan et al • ) teaches that 
volatile impurities may be steam stripped from 
wastewaters and then chemically oxidized with a variety 
of catalyst formulations, with copper oxide being 
preferred. 

The elimination of volatile organic compounds 
(VOC) from industrial/commercial waste gases is also 
well known in the art. Destruction of VOC is 
accomplished by catalytic incinerators. A recent 
article entitled, "Destruction of Volatile Organic 
Compounds Via Catalytic Incineration" authored by B.H. 




Tichenor and M.A. Palazzol^ Environmental Progress, 
Volime 6^ No- 3, August, 1987, reports the results of 
an investigation into various catalytic incinerator 
designs. Tests were performed by evaporating organic 
compo\inds into clean air streams and then passing the 
streams across a monolithically supported precious 
metal catalyst* Catalytic incineration of noxious 
industrial fumes is also disfclosed in U.S. Patent No. 
4,330,513 (Hunter et al.)* ^is reference discloses a 
process where fumes and waste gases containing 
hydrocarbons are contacted with a fluidized bed of 
nonprecious metal solid catalyst. Additionally, a 
series of U^S. Patents (Nos. 3,823,088? 3,992,295 7 
3,997,440; 4,062,772; 4,072,608 and 4,268,399) teach 
that waters containing minor amounts of dissolved 
organic materials can be purified by contacting either 
a liquid or gaseous phase with a promoted zinc 
aluminate catalyst. 

Although the art has understood the need and has 
attempted the treatment of contaminated wastewaters and 
contaminated gas streams, it has failed to solve the 
problem of efficiently treating a wastewater stream 
containing both dissolved solids or nonvolatile 
pollutants and volatile chemically oxidizable 
contaminemts. The present invention presents a novel 
continuous treatment method for concentrating dissolved 
solids or nonvolatile pollutants and chemically 
oxidizing the oxidizable contaminants. Further, this 
invention presents a catalytic oxidization process that 
can be carried out in the presence of steam at gas 
phase conditions. 
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SUMMARY OF THE INVENTION 
This invention is directed toward a novel 
process for the treatment of wastewater streams. More 
^ specifically the invention provides a means to convert 

chemically oxidizable volatile pollutants in 
wastewater to inert inorganic gases. This process 
also has the potential to produce a useful condensate 
product of distilled water quality, free of minerals 
and organics. 

It is an object of this invention to provide 
a process that eliminates at least some of the 
environmental problems commonly associated with the 
disposal of contaminated wastewater streams. 

Accordingly the invention may broadly be said 
to consist in a process for continuously treating 
waste stream contaminated with volatile chemically 
oxidizable pollutants and nonvolatile pollutants 
comprising, in combination, the steps of: 

(a) continuously concentrating the 
nonvolatile pollutants in the waste stream to be 
treated by a continuous evaporation process that 
simultaneously produces a first stream comprising the 

^ concentrated nonvolatile pollutants and a second water 

rich vapor phase stream substantially free of 
minerals, dissolved solids and metals, the waste 
stream to be treated comprising at least 1000 mg/1 of 
nonvolatile pollutants, the second stream comprising 

^ steam and at least 45% of all of the volatile 

chemically oxidizable pollutants originally contained 
in the waste stream; 

(b) removing frOTi the continuous 
evaporation process the first stream comprising 
concentrated nonvolatile pollutants, the removal 
occurring while the conttnnou§SS&^ri^Qx:sii±on pTooBss is 
ongoing; and 
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(c) contacting substantially all of 
the second stream with a solid oxidation catalyst in 
the presence of steam at gas phase oxidation 
conditions to convert the volatile chemically 
oxidizable pollutants/ thereby producing a gaseous 
reaction product comprising steam and incondensible 
gases, the solid oxidation catalyst comprising an 
inorganic oxide support containing at least one metal 
oxide • 

Various embodiments of the present invention 
will become evident from the following, more detailed 
description of certain preferred embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate preferred 
embodiments of the invention when treating landfill 
leachates containing VOC pollutants. Specifically, 
Figure 1 is a flow diagram of an embodiment of the 
invention illustrating the treatment of wastewater 
without condensation of the oxidation reaction 
products • 

Figure 2 is a flow diagram of an exnbodiment of 
the invention adapted for condensation of. oxidation 
reaction products. 

Figure 3 is a flow diagram of an embodiment the 
invention adapted for the treatment of a wastewater 
containing a high level of VOC pollutants and a high 
concentration of incondensable gases. 
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mypATT.Tgn DESCRIPTION OF PREFERRED EMBODIMENTS 

The instemt invention is capable of processing a 
variety of complex wastewater streams containing a wide 
range of pollutants. For example, the invention can 
process wastewaters from refinery and chemical plant 
operations and wastewaters emanating from mineral 
concentration processes, metals concentration 
processes, metal extraction leaching ^processes, and 
solvent stripping processes. The instant invention is 
especially adapted to process highly mineralized 
wastewaters contaminated with volatile chemically 
oxidizable pollutants* 

Wastewater streams can be generally 
characterized as containing principally water that is 
contaminated with volatile chemically oxidizable 
pollutants comprising both organic and inorganic 
compounds. Further, wastewater typically contains 
nonvolatile pollutants, such as dissolved solids* The 
volatile chemically oxidizable pollutants include 
compounds, such as alcohols, aromatic hydrocarbons, 
chlorinated hydrocarbons, ammoniacal compounds, cyanide 
and sulfur containing compounds, euid a variety of other 
hydrocarbons that are known pollutants. The dissolved 
solids or nonvolatile pollutants typically comprise 
minerals, which are broadly defined as any element, 
inorganic compound or mixture occurring or originating 
in the earth's crust and atmosphere, including all 
metals and non-metals, their compounds and ores. 
Included in the dissolved solids can be heavy metals, 
such as, nickel, zinc, cadmium, mercury, arsenic, and 
lead. Typically the wastewater stream has a dissolved 
solids content of at least 10,000 mg per liter, more 
typically having a dissolved solids concentration 
ranging from about 10,000 to about 30,000 mg per liter. 

The process of the invention is particularly 
well suited for the treatment of leachates that emanate 
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from landfills. The complex nature of the constituents 
of such wastewater streams is illustrated by the 
following compositional profile of a representative 
landfill leachate. 

5 parameter Concentration, ma/1 

Total Dissolved Solids (TDS) 10,000 - 30,000 

Chemical Oxygen Demand (COD) 10,000 - 50,000 

Total Organic Carbon (TOO) 2,000 - 15,000 

Iron 500 - 2,000 

10 Nickel, Zinc, Cadmium, Mercury High 
Arsenic, Lead, etc. 

Chloride, Sulfate, etc. 1000+ 

Priority organic Pollutants High 

According to the invention, the wastewater 

15 stream to be treated is first subjected to an 
evaporation step to concentrate the dissolved solids 
into a first stream comprising concentrated nonvolatile 
pollutants, sometimes referred to as "slurry*'* The 
unit operation of evaporation is well known in the art 

20 and details need not be included herein. Any 
evaporation design that can concentrate nonvolatile 
pollutants from a liquid stream and produce a water 
rich vapor phase stream substantially free of dissolved 
solids can be used in the invention. Examples of Icnown 

25 evaporator designs include forced circulation, 
submerged tube forced circulation, Oslo-type 
crystallizer, short and long tube vertical, horizontal 
tube, and falling film. It is preferred to employ a 
forced circulation type evaporator. The process 

30 conditions for the evaporation step include a 
temperature of from about 82^C (180^P) to about 170^0 
(338^F) and a pressure from about subatmospheric to 
about 790 kPa (abs) (100 psig) , with most preferred 
temperature and pressure ranges from about 100°C 
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(2120F) to about 150^C (302<=^F) and from about 
atmospheric to about 446 kPa (abs) (50 pslg) r 
respectively • 

The stream of concentrated nonvolatile 
pollutants removed from the evaporator may have a 
pollutant concentration in the range of from about 0 to 
about 100 weight percent solids, preferedaly from about 
20 to about 70 wt,%, and most preferably from about 40 
to about 65 wt.%. At this concentration level the 
stream of concentrated pollutants is ready for final 
disposal using any known process, such as pond 
retention, carystallization or chemical stabilization, 
or mechanical drying • 

The second stream, comprising a water rich vapor 
phase obtained from the evaporator, is contacted with a 
solid catalyst in a reaction zone maintained at 
oxidation reaction conditions. The chemically 
oxidizable volatile pollutants in the wastewater stream 
that were volatized in the evaporation step are 
oxidized to produce a gaseous reaction product 
comprising substantially steam and incondensable gases, 
primarily carbon dioxide and nitrogen* 

Although not completely understood and not 
wishing to be bound by a particular theory it is 
believed that the presence of steam in the oxidation 
reactor is beneficial to achieving complete oxidation 
of volatile pollutants. It is believed that the steam 
directly participates in the oxidation of pollutants 
either by reacting catalytically, thermally, or by 
reacting with partially oxidized compounds. This 
theory of direct steam participation in pollutant 
removal could also help explain the apparent lack of an 
oxygen effect since steam is so overwhelmingly present. 

Prior to the oxidation step the water rich vapor 
phase stream may be compressed by mechanical means or 
by a steam jet to increase the latent heat value of the 
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vapor phase streeon. Likewise, the gaseous reaction 
product from the oxidation step may be compressed, in 
preference to the compression of the water rich vapor 
phase st.ream, to increase its latent heat value « In 
either case the latent heat can be used to provide the 
partial or total heat requirement needed in the 
evaporation step. 

The catalytic oxidation is performed in a 
reactor at gas phase conditions using a solid catalyst* 
The oxidation reaction conditions include a reaction 
temperature in the range of from about 204^C (400^F) to 
about 1200^0 (2192<=^F). Most preferably the reaction 
temperature should be maintained in the range from 
about 371^0 (700^F) to about 677^0 (1250^F) • The gas 
space velocity of the water rich vapor phase stream in 
the reaction zone is from about 0.1 sec**^ to about 1000 
sec*"^, most preferably from sibout 5 sec""^ to about 10 o 
sec"^^ The reaction zone pressure prefereibly is in the 
operating range of from subatmospheric to about 790 kPa 
(abs) (100 psig) , with a most preferred operating 
pressure of from about atmospheric to about 446 kPa 
(sO^s) (50 psig) • The chemically oxidizable compounds 
in the water rich vapor phase stream are catalytically 
oxidized in the presence of the steam that was 
generated during the evaporation step. 

The solid catalyst used in the oxidation zone 
may be selected from any of the Icnown commercially 
existing oxidation catalyst compositions, or mixtures 
of known oxidation catalysts, that meet the required 
standards for stability and activity and that possess a 
high selectivity for oxidation of volatile organic and 
inorganic compounds. The active component of the 
oxida-tion catalysts is a metal, preferably a 
nonprecious metal, supported on a solid carrier. The 
preferred solid carrier is alumina, however, any known 
carriers may be used, for example, silica, silica- 
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alumina, clay or like materials. The carrier may be in 
t:he form of spheres, pellets or extrudates. The amount 
of active metal on the catalyst is preferably from 
about 5 to about 50 weight percent, based on the total 
catalyst weight. More preferably the metal component 
comprises from about 15 to about 25 weight percent of 
the catalyst. A preferred oxidation catalyst 
composition includes chromic oxide and .alumina in the 
form of an extrudate. This preferred catalyst and its 
method of preparation are more thoroughly described in 
U.S. Patent No. 4,330,513 (Hunter et al) , which is 
incorporated herein by reference* 

The oxidation reaction of this invention is 
exothermic and can cause reaction temperatures to 
increase to excessive levels. To prevent temperatures 
from exceeding approximately 1200^C (2192^F) , a quench 
stream may be added to the oxidation reaction zone. A 
preferred quench medium is the condensate product 
obtained from the evaporator. Depending upon the 
chemical oxygen content of the water rich vapor phase 
stream and the level of chemically oxidizaible compounds 
to be reacted, it may be necessary to supply additional 
chemical oxygen as a reactant to achieve the high level 
of conversion required in the oxidation reaction. 
Additional chemical oxygen can be supplied by any known 
means, with the injection of air, oxygen enriched air, 
or O2 being preferred. On initial start-up of the 
oxidation reactor it may be necessary to use an 
external heat source to increase the temperature of the 
reactants to a point where the oxidation reaction will 
begin. - To maintain the appropriate inlet reactor 
temperatxire of the reactants during the process it may 
be necessary to perform indirect heat exchange of the 
reactants with a portion of the reaction products. 

The oxidation reaction step of the invention is 
capable of catalytically oxidizing a wide range of 
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vola-tile organic and inorganic compounds, including 
halogenated organics, organosulfur compounds and 
organonit:rogen compounds. The gaseous reaction product: 
obtained from -the oxidation of such compounds may be 
highly acidic, containing HCl, SO^ and NO^* The acidic 
nature of the product can have deleterious effects on 
downstream equipment metallurgy. Neutralization of the 
acidic gaseous reaction products can pr^event corrosion 
and the eventual destruction of downstream equipment. 
Any neutralization process known to the art may be used 
to neutralize the acidic reaction products. A 
preferred neutralization method involves the use of a 
limestone bed located immediately downstream of the 
oxidation reactor. The inherent alkalinity of 
limestone will neutralize and remove any acidic gases 
contained in the gaseous reaction stream. Depending 
upon the amount of acidic gas present, multiple 
limestone beds arranged in series flow may be employed. 
A preferred type of limestone is dolomitic limestone, 
which contains a carbonate of calcium and magnesium. 
The magnesium is better suited to capture volatized 
borates and arsenates. 

In addition to the neutralization of acidic 
gases in the gaseous reaction product, the limestone 
bed may also be utilized as a temperature control means 
when the gaseous reaction product is used to supply the 
heat of evaporation in the evaporation step. 
Temperature control may be desirable to prevent thermal 
stress of the evaporator. Thermal stress occurs 
because the gaseous reaction product from the highly 
exothermic catalytic oxidation reaction can, in some 
instances, be several hundred degrees higher in 
temperature than the normal operating temperature of 
the evaporator. Normally it is preferred that the 
medium used to supply the heat of evaporation be only 5 
to 17^C (9 to 30^F) higher than the boiling point of 
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S the wastewater to be evaporated. An alternative means 

? to prevent thermal stress is to cpiench the gaseous 

j reaction products, preferably using a portion of the 

i condensate product stream. 

I 5 Although oxidation of the chemically oxidizable 

\ compounds in the water rich vapor phase stream is 

( preferably performed using a solid supported metal 

f catalyst, it is within the scope of the invention to 

t perform the oxidation step by any catalytic means or 

I 10 combination of means Icnown to the art* For example, 

the oxidation reaction may be performed by ultraviolet 
light catalyzed peroxide or ozone oxidation. 

The composition of the gaseous reaction product 
I exiting from the oxidation reactor comprises 

•A 15 substantially steam cind incondensable gases, primarily 

> carbon dioxide and The gaseous reaction product 

I can optionally be condensed to produce a useful 

^1 condensate of substantially liquid water. Condensation 

"I can be performed by any method known to the art. One 

20 method is to pass the gaseous reaction product through 
an economizer to utilize its latent heat to effect the 
^ evaporation of feed wastewater. Alternatively, the 

condensation of the gaseous reaction product can be 
performed in an evaporator while simultaneously 
I 25 utilizing its latent heat to effect the evaporation of 

1 the wastewater. As the hot gaseous oxidation reaction 

} product releases its heat to evaporate the wastewater, 

i condensation occurs and the condensate produced is 

drawn off as a liquid water product stream. A 
I 30 condensate product stream produced by the process of 

I the invention is comprised of substantially liquid 

! water that is free of minerals and organics and is 

\ reused^le as a condensate for other processes or the 

I 

1 condensate may be directly disposed of to existing 

35 surface water receiving streams without the need for 

; additional treatment. 
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A more complete vinderstanding of the inventive 
concept of this invention may be obtained by a review 
of the accompanying figures, which present three 
preferred embodiments of the invention* The 
presentation of these embodiments is not intended to 
exclude from the scope of the inventive concept those 
other embodiments set out herein or other reasonable 
and normal modifications of the inventive concept. 
Details, such as miscellaneous pumps, heaters, and 
coolers, condensers, start-up lines, valving, and 
similar hardware, have been omitted as being 
nonessential to a clear understanding of the preferred 
embodiments of the invention. 

Figure 1 is a flow diagram of the invention 
illustrating the treatment of wastewater without 
condensation of the oxidation reaction products. 
Wastewater to be treated is carried by line lo to heat 
exchanger means 21 where the wastewater is heated 
indirectly with hot gaseous oxidation reaction product 
in line 18. The heated wastewater is carried by line 
11 to a second indirect heat exchanger means 13, 
wherein the wastewater is further heated and carried by 
line 14 to evaporator feed line 22, where it is mixed 
with a concentrated slurry of nonvolatile pollutants 
removed and recirculated from the bottom of evaporator 
20. 

The admixture of heated wastewater and 
concentrated slurry in line 22 is introduced into 
evaporator means 2 0 wherein volatile chemically 
oxidizable pollutants and steam are vaporized and 
removed overhead via line 16. The vaporized pollutants 
and steam are contacted with a solid nonprecious metal 
oxidation catalyst in reactor 17. In some instances it 
may be necessary to increase the temperature of the 
material in line 16 prior to contacting with the 
oxidation catalyst. Additionally, it may be necessary. 
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depending on the chemical oxygen content of the 
material in line 16, to supply additional oxygen from 
an external source to achieve complete oxidation of the 
volatile pollutants. 

The gaseous reaction products formed in reactor 
17 are removed via line 18, indirectly heat exchanged 
in heat exchanger means 21 with the wastewater feed in 
line 10, and then removed from the prodess via line 19. 
Removal of the nonvolatile pollutants is effected by 
talcing a slip stream 15 from the concentrated slurry 
that was removed from the bottom of evaporator means 
20. 

Referring now to the embodiment illustrated in 
Figure 2, the wastewater to be treated is carried by 
line 10 to heat exchanger means 26 where it is heated 
indirectly with the condensate product stream 25. The 
heated wastewater is carried by line 11 and passed into 
deaeration vessel 12 where incondensable gases, such 
as/ oxygen, nitrogen, carbon dioxide and possibly 
eunmonia are removed via vent line 13, The deaerated 
wastewater is carried by line 14 to sump 15 of 
evaporator 16 ♦ A concentrate or slurry of nonvolatile 
dissolved and slurried pollutants, both inorganic or 
organic, is contained in sump 15. This slurry is 
continuously circulated through line 17 to the top of 
evaporator 16 where the water and volatile chemically 
oxidizable pollutants are vaporized. The water rich 
vapor generated in the evaporator is substantially free 
of all dissolved solids and is removed from the 
evaporator by line 19. The water rich vapor phase 
stream in line 19 is compressed by compression means 20 
and returned to line 21. 

The compressed water rich vapor phase stream in 
line 21 is then combined with an oxygen containing 
stream 22 prior to entering oxidation reactor 23. The 
oxidation reaction achieves at least 95% conversion. 
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preferably 994-% conversion, of the chemically 
oxidizable cosipounds in the water rich vapor phase 
stream. This produces a gaseous reaction product of 
substantially steam and incondens€J>le gases, primarily 
carbon dioxide. The gaseous reaction product is 
removed from the oxidation reactor by line 24. A 
portion of the gaseous reaction product in line 24 can 
be used as a preheat means for inaintaining the 
temperature of the reactants entering the oxidation 
reactor* 

Condensation of the gaseous reaction product is 
accomplished upon introduction of the gaseous reaction 
product in line 24 to evaporator 16. The condensate 
formed in the evaporator is continuously removed 
through line 25, heat exchanged with incoming 
wastewater and removed from the process via line 27. 

Figure 3 illustrates yet another embodiment of 
the invention adapted for processing wastewater 
containing a high concentration of chemically 
oxidizable compoiinds, as well as a significant fraction 
of incondensable gases. When the fraction of 
incondenseible gases entering the process contains 
thirty percent or more incondensable components, the 
heat transfer may be intolerably impaired. Xiikewise, 
high levels of chemically oxidizable compounds cause a 
problem by appearing in the deaerator vent. in Figure 
3, polluted wastewater is fed to the process via line 
10 and is heat exchanged in heat exchanger means 26 
with product condensate in line 29 to increase the 
temperature of the wastewater to near its boiling 
point. The heated wastewater is carried by line 11 to 
evaporator sump 15 where the nonvolatile pollutants in 
the wastewater are concentrated. The concentrated 
wastewater is continuously circulated to the top of 
evaporator 12. Slip stream 14 is used to continuously 
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withdraw nonvolatile pollutants from the process for 
eventual disposal. 

The water rich vapor phase stream containing 
steam and chemically oxidizable compounds vaporized in 
5 evaporator 12 are drawn off through line 16, mixed with 
an oxygen containing gas stream 17 and catalytically 
oxidized in oxidation reactor 18. Gaseous reaction 
products of substantially steam and' incondensable 
gases, such as carbon dioxide, are removed from the 

10 oxidation reactor by line 19 and passed to steam boiler 
20. A portion of the gaseous reaction product may be 
used to indirectly heat exchange the reactants being 
fed to the oxidation reactor. The gaseous reaction 
product is condensed in the steam boiler and sent 

15 through line 22 to deaerator 23 where incondensable 
gases such as nitrogen, oxygen, carbon monoxide, and 
carbon dioxide are vented through line 24. The 
deaerated condensed reaction products are withdrawn 
through line 25 and circulated via pump 27 through line 

20 28 back to steam boiler 20. A portion of the 
deaerated condensed reaction product in line 28 may be 
used as a quench in the oxidation reactor to maintain 
the exothermic reaction temperature in the preferred 
range. 

25 Steam from the steaua boiler is removed overhead 

through line 21 and sent to the shell side of 
evaporator 12 wherein it is condensed and its latent 
heat is used to evaporate the concentrated wastewater 
on the tube side of the evaporator. Optionally, a 

30 steam compressor may be employed to compress the steam 
in line 21 to increase its heat value. However, pump 
27 can be designed to provide a sufficient system 
pressure to maximize the heat value of the steam 
obtained from the steam boiler. The product condensate 

35 is removed from the evaporator through line 29, heat 
exchanged with the wastewater feed and then . removed 
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from -the process through line 30. The product 
condensate in line 30 is of distilled water quality 
containing substantially no minerals and no dissolved 
organics . 

5 In order to more fully demonstrate the attendant 

advantages arising from the present invention the 
following examples are set forth* It is to be 
understood that the following are by •way of example 
only and are not intended as an undue IdLmitation on the 
10 otherwise broad scope of the dlnvention. 

p^?i?np3.e 1 

To demonstrate the effectiveness of catalytic 
oxidation of volatile chemically oxidizable pollutants 
laboratory test runs were performed in accordance with 
15 the oxidation process of the invention. A laboratory 
continuous oxidation unit was used employing toluene as 
a surrogate volatile pollutant. The catalyst used 
comprised chromic oxide on an alumina support. steam, 
oxygen and toluene were fed at a pressure of about 25 
20 psig to a single-pass reactor containing the catalyst. 
The gaseous reaction products were condensed and 
sampled by gas chromatograph. 

The toluene feed rate was set to achieve 500 ppm 
in steam on a volume basis and the oxygen was added to 
25 achieve 2% by voltime of steam. The catalyst volume was 
varied to excuaine the effect of varying the gas space 
velocity. Table 1 contains a summary of test data 
results • 

Test run results in Table 1 clearly show that 
30 the oxidation of toluene (i.e., removal efficiency) was 
greater than 95% in all cases. Further, the gas space 
velocity, in the range tested, did not significantly 
affect the removal efficiency. 
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TABLE 1 





Runs Using Toluene as 


Surrogate 


Pollutant 


Runs 


Preheat 

Temp* 

Celsius 


Reactor 

Temp. 

Celsius 


Space 
Veloci- 
ty per 
sec. 


T o 1 u - 
ene 

out 
(ppm) 


Removal 
E f f i - 
ciency 
(%) 


1 


317 


362 


9.2 


18.82 


96.24 


2 


318 


369 


9.3 


10.97 


97.81 


6 


373 


419 


10.0 


7.20 


98 • 56 


7 


373 


424 


10.1 


5.10 


98.98 


3 


432 


482 


11.0 


1.58 


99.68 


4 


432 


487 


11.0 


1.17 


99.77 


12 


427 


479 


7.3 


1.52 


99.70 


13 


427 


479 


7.3 


.1.61 


99.68 


10 


510 


563 


12*1 


0.73 


99.85 


11 


510 


566 


12.2 


0.93 


99.81 


15 


510 


702 


9.4 


<0.05 


>99.99 


14 


513 


702 


9.4 


<0.05 


>99.99 



Example 2 

20 Test runs were performed to evaluate the effect 

of oxygen concentration on the oxidation process of 
this invention. The experimental conditions and 
apparatus used in Example 1 were followed for the test 
runs of this example with the exception that the oxygen 

25 concentration of the stream fed to the reactor was 
varied. Runs 3 and 4 had O2 concentrations of 2% by 
volume of steam. Run 5 had 4% by volime and Runs 8 and 
9 had 10% by volume. The experimental results 
presented in Table 2 shows complete oxidation of 

30 toluene for all O2 concentration levels tested. 
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TABIiE 2 








Runs Using 


Toluene as 


Surroga'te 


Pollutant 


5 


Run 


Preheat: 

Teinp« 

Celsius 


Reactor 

Temp. 

Celsius 


Space 
Veloci- 
ty per 
sec. 


Toluene Removal 
o u t Effi- 
(ppm) ciency 




3 


432 


482 


11.0 


J- . so 717 . OO 




4 


432 


487 


11.0 


1 1 *7 OO •7*7 

X.J./ yif . / / 




5 


431 


483 


11.2 


X * DO 2^7.00 


20 


8 


427 


478 


10.7 


0.96 99.81 




9 


429 


481 


10.7 


1.10 99.78 



Example 3 

• Oxidation of a chlorinated hydrocarbon in 
accordance with the invention was performed using the 
15 experimental procedure of Example 1* The chlorinated 
hydrocarbon used in Runs 16 and 17 was 
tetrachloroethylene (TCE) . The experimental results in 
Table 3 show that TCE was removed at a high efficiency. 



20 



25 



TABLE 3 

Runs Using TCE as Surrogate Pollutant 



Run 
16 

17 



Preheat 

Temp. 

Celsius 



509 
513 



Reactor 

Temp. 

Celsius 



677 
679 



Space TCE out Removal 

Veloci- (ppm) E f f i - 
ty per ciency 
sec. (%} 



9.2 
9.2 



1.12 
0.67 



99.78 
99.87 



Example 4 , 

Oxidation of volatile inorganic compounds in 
accordance with the invention was performed using the 
30 experimental procedure of Example 1. The volatile 
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inorganic compound used in Runs 18 and 19 was ajtunonia, 
fed to the oxidation reactor as a 28% anmonium 
hydroxide solution. The experimental results in Table 
4 show that ammonia was removed at high efficiency* 



Runs Using Ammonia as Siirrogate Pollutant 



Run 

18 
19 



Preheat 

Temp. 

Celsius 



513 
513 



Reactor 

Temp, 

Celsius 



677 
678 



Space Ammonia Removal 

Veloci-' o u t Effi- 

ty per (ppm) ciency 

sec. (%) 



9.2 
9.2 



0.12 
0.04 



99.98 
99.99 



Example 5 

oxidation of a mixture of pollutants was 
performed in accordance with the invention to 
demonstrate that compounds that are known to be more 
difficult to oxidize are readily oxidizable in the 
presence of compounds easily oxidized. The 
experimental procedure of Example 3 was repeated except 
that 250 and 288 ppm of propane were additionally added 
to the 500 ppm of TOE to give 750 ppm and 788 ppm total 
volatile pollutants in Runs 20 and 21, respectively. 
Ammonia was added in an amoimt of 750 and 799 ppm to 
the 500 ppm of TCE to give 1250 and 1299 ppm total 
pollutants in Runs 22 and 23, respectively. The 
experimental results are presented in Table 5. The 
results clearly show that removal efficiency of a more 
difficult to oxidize compounds, i.e., TCE, is not 
reduced by the presence of propane or ammonia, which 
are readily oxidized. 
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TABI^ 5 

Runs Using TCE Mixed Surrogates 



Run 


Preheat 

Temp* 

Celsius 


Reactor 

Temp. 

Celsius 


Space 
Veloci- 
ty per 
sec. 


TCE out 
(ppm) 


Removal 
E f f i - 
ciency 
(%) 


20 


510 


677 


9.2 


0.32 


99.94 


21 


510 


677 


9.2 


'0.46 


99«91 


22 


510 


672 


9*1 


<0.02 


>99.996 


23 


510 


671 


9.1 


<0.02 


>99.996 



Example 6 

In accordance with the process of the invention, 
a 19-day continuous run was made on an experimental 
pilot scale unit having an evaporator section and an 
oxidation section. In the evaporator section, a 
wastewater feed tank was connected by piping and a pump 
to a steam heated shell and tube heat exchanger. A 
recirculation pump forced the feed through the heat 
exchanger into a vapor body where evaporation of hot 
volatiles occurred, and back again to the heat 
exchanger, thus forcing liquid recycle. As the 
concentration of nonvolatiles increased in the recycle 
liquid, small portions of the liquid were removed from 
time to time through a heated withdrawal pipe and valve 
to keep the concentration of nonvolatiles constant at a 
predetermined level. The vapors from the vapor body 
passed through piping to the oxidation section. In the 
oxidation section, oxygen was added to the vapor stream 
to give a 2% concentration and the mixed gases passed 
through an electrically heated preheater and then 
through a vertical bed of catalyst in an oxidation 
reactor. The hot reacted gases were then passed 
through a water-cooled heat exchanger to condense the 
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water and other condensibles* The condensed product 
was collected in a product tank. Flow meters, pressure 
gauges, thermocouples, and seunpling points around the 
system allowed the performance of the system to be 
monitored. 

An actual wastewater consisting of a mixture of 
leachate from a hazardous waste landfill and 
wastewaters separated from other hazardous wastes was 
used in this test. Because the run spanned a 
considersUt>le time period and the treated wastewater was 
taken from a wastewater storage tank on a daily basis, 
the feed varied somewhat from day to day dxiring the 
run. A representative analysis is given in Table 6. 
In appearance, the wastewater was a pale yellow clear 
liquid having a disagreeable odor. 

During the run, the wastewater feed rate 
averaged 15.4 gallons per hour. The crystal clear 
odorless condensate averaged 15.0 gallons per hour. 
The non-volatiles were withdrawn at an average rate of 
0.4 gallon per hour. This stream was a dark brown, 
very smelly slurry averaging 30% suspended solids and 
50% total solids. The system pressure was essentially 
atmospheric, pressure being only that due to pressure 
drop across the system (i to 3 psig, 108 to 122 kPa 
abs.). The oxidation temperature ranged from about 
SSO^P to about 1240^F (about 470^C to about €70^C) 
while the gas space velocity varied from about 23 sec-^ 
to about 30 sec-^. The feed total organic carbon (TOC) 
values obtained regularly during the run ranged from 
1200 to 1500 ppm and the product TOC values obtained on 
samples taken periodically during the run ranged from 
15 to 128 ppm. At the end of the run period, the unit 
was lined out with the oxidation temperature at about 
lOSO^F (about 580Oc) and at a space velocity of about 
27 sec-^. A sample of the condensate taken from the 
product tank at the end of the run had the product 
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analysis shown in Table 6. There was no evidence of 
catalyst: deactivation during the run. 



A priority pollutant scan involves analysis for 



112 specific organic compounds and 12 specific heavy 
metal ions* Shown in Table 6 are only those priority 
pollutants that were actually found although all were 
analyzed for. Different laboratories were used for the 
two analyses shown; the laboratory which analyzed the 
product had lower detection limits. Where a value in 
Table 6 is reported using the symbol this denotes 

the detection limit for that specific substance at that 
laboratory, and the sign Indicates that the 

substance was not detected* Where a substance was 
detected, the value obtained is listed in Table 6. 



As can be seen from the data in Table 6, the 



process of the instant invention removed trace volatile 
organic compounds and nonvolatiles to extremely low 
levels and produced clean water from a very polluted 
wastewater containing a significant amount of 
nonvolatile impurities as well as volatile impurities. 



TABLE 6 



Continuous Pilot Scale Run 



Feed 

Analysis 



Product 
Analysis 



PH 

Total Suspended Solids, ppm 
Total Dissolved Solids, ppm 
BOD, mg/l oxygen 
COD, mg/l oxygen 
TOC, ppm 



15100 



1350 



. <40 



3 



15.2 



18.9 



<1.0 



<40 



2.2 



1.8 



Priority Organic Pollutants, ppm 
Methylene chloride 
1,1, 1-Trichloroethane 



104 
0.08 



<0,01 
0.02 
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Benzene 0«08 <0.0l 

Toluene 0.14 <0.0l 

Acetone 20.8 <0.01 

Tetrachloroethy lene 0.32 < 0 . 0 1 

5 4-Met:hyl-2-pentanone 1.7 <0.0l 

2-bu'tanone 12.6 <0.0l 

l,2-Dichloroet:hane 0.35 <0.0l 

ly 1,2-Trichlorethane <0.07 0.03 

Priority Heavy Metals, ppm 

10 Arsenic 7.9 <0.05 

Berylliiim 0.22 <0.02 

Cadmium 0.28 <0.02 

Chromium 3.5 1.6 

Nickel 112 1.8 

15 2inc 29 0.04 

The present invention has been described in 

terms of certain preferred embodiments. Of course, 

numerous other embodiments not specifically described 

may fall within the spirit or scope of the following 
^ 20 claims. 



o 
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WHAT WE CIAXM IS: 

1 • A process for continuously treating 

waste stream contaminated with volatile chemically 
oxidizable pollutants and nonvolatile pollutants 
comprising, in combination/ the steps of: 

(a) continuously concentrating the 
nonvolatile pollutants in the waste stream to be 
treated by a continuous evaporation process that 
simultaneously produces a first stream comprising the 
concentrated nonvolatile pollutants and a second water 
rich vapor phase stream substantially free of 
minerals, dissolved solids and metals, the waste 
stream to be treated comprising at least 1000 mg/1 of 
nonvolatile pollutants, the second stream comprising 
steant and at least 45% of all of the volatile 
chemically oxidizable pollutants originally contained 
in the waste stream; 

(b) removing from the continuous 
evaporation process the first stream comprising 
concentrated nonvolatile pollutants, the removal 
occurring while the continuous evaporation process is 
ongoing; and 

(c) contacting substantially all of 
the second stream with a solid oxidation catalyst in 
the presence of steam at gas phase oxidation 
conditions to convert the volatile chemically 
oxidizable pollutants, thereby producing a gaseous 
reaction product comprising steam and incondensible 
gases, the solid oxidation catalyst comprising an 
inorganic oxide support containing at least one metal 
oxide • 

2. The process of Claim 1 wherein the 
waste stream comprises at least "VBTWff&^^w^l^^otal 
dissolved solids* 
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3. The process of Claim 1 wherein the 
evaporation is conducted at a temperature from 100**C 
to 150**C and a pressure from atmospheric to 446 kPa 
(abs) . 

4. The process of Claim 3 wherein the 
evaporation, is conducted using a forced circulation 
evaporator • 

5. The process of Claim 1 wherein the 
first stream comprises from 20 to 70 weight percent 
total dissolved solids. 

6. The process of Claim 1 wherein the 
second strecun is admixed with an oxygen containing 
stream. 

7. The process of Claim 1 wherein the 
oxidation conditions comprise a reaction temperature 
from 371 **C to 677^C, a gas space velocity from 5 to 100 
sec""^ and a pressure of from atmospheric to 446 kPa 
(abs) . 

8. The process of Claim 1 wherein the 
metal oxide is formed from a nonprecious metal. 

9. The process of Claim 8 wherein the 
metal oxide comprises chromitim and the inorganic 
support comprises alumina* 



10, The process of Claim 1 wherein a 
portion of the energy required for evaporation of the 
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1 1 • The process of Claim 1 wherein the 
second stream is compressed to increase its heat 
value • 

12. The process of Claim 1 wherein the 
gaseous reaction product is compressed to increase its 
heat value. 

13. A process for continuously treating a 
waste stream substantially as herein described with 
reference to the accompanying drawings and/or 
examples . 



Wf kh/tlMr Mithorised 
A. J. PARK A SON. 





This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 



^ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 



Defects in the images include but are not limited to the items checked: 




